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Use of Monoclonal Antibodies to Keratin 7 in
the Differential Diagnosis of Adenocarcinomas
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Monoclonal antibodies (MAbs) to specific keratin
subtypes were prepared and characterized by im-
munoblotting and immunohistochemical assays
on human cell cultures and normaland malignant
human tissues. Chain-specific MAbs to keratin 7
(RCK 105, OV- TL 12/30) and keratin 18 (RGE 53,
RCK 106, CK18-2), as well as broadly cross-react-
ing keratin MAbs (RCK 102, OV- TL 12/5) could be
shown to react with different types of human epi-
thelial tissues and were therefore tested for their
usefulness in the differential diagnosis of carcino-
mas. The two broad-spectrum antibodies stained
virtually all of the more than 350 carcinomas
tested, especially when combined, and distin-
guished themfrom most nonepithelial tumors. The
keratin 18 MAbs distinguished adenocarcinomas
(which are keratin 18 positive) from most squa-
mous cell carcinomas (which are generally keratin
18 negative). The MAbs to keratin 7 could be
shown to recognize specific subtypes ofadenocarci-
noma and could, for example, distinguish between
ovarian carcinomas (keratin 7positive) and carci-
nomas ofthe gastrointestinal tract (keratin 7 neg-
ative), or between transitional cell carcinomas
(keratin 7 positive) and prostate cancer (keratin
7 negative). In general, malignancies showed the
expected keratin reactivity pattern as concluded
from the keratin pattern of its cell of origin or its
type ofdifferentiation. The use ofan extended series
of malignancies did, however, also illustrate that
exceptions to this rule exist. For example, certain
antibodies to keratin 18 stained tumor areas in
squamous cell carcinomas of the lung. Also a cer-
tainpercentage oftumors, which generally showed
no keratin 7 expression, were positive with RCK

105 or OV-TL 12/30. On the other hand, a certain
percentage of tumors, which were generally posi-
tivefor keratin 7, did not show a staining reaction
with these MAbs. Furthermore subtle differences be-
tween reactivity patterns of different MAbs recog-
nizing the same keratin protein were observed,
both in the normal and malignant human tissues,
indicating that specific keratin epitopes may be
masked in certain tissues and that unmasking of
such epitopes can occur with malignant progres-
sion. This phenomenon may be of some use in a
further subtyping of carcinomas, especially those
of the gastrointestinal tract. Despite these excep-
tional staining patterns, the keratin MAbs de-
scribed above haveproved to be useful tools in the
characterization of epithelial tumors in routine
histopathology and cytopathology, in which they
add to a more refined diagnosis of(adeno)carcino-
mas. (Am JPathol 1990, 136:641-655)

Keratins have been recognized to be epithelium-specific
intermediate filament proteins and to comprise a family of
at least 19 different polypeptides," 2 not including the hair
keratins.3 Also malignancies derived from such epithelial
tissues have been shown to express specific keratins.4-7
Combinations of the 19 different keratin proteins are dis-
tributed in a more or less tissue-specific fashion as initially
detected by two-dimensional gel electrophoretic proce-
dures.' The use of chain-specific monoclonal antibodies
(MAbs) to individual keratins has confirmed these bio-
chemical studies and allows the immunohistochemical
distinction between different epithelia and carcinomas.
For example, certain MAbs to keratin 18 separate most
squamous cell carcinomas from adenocarcinomas,6
while the degree of differentiation in a squamous epithelial
tumor can be estimated by the use of keratin 10 or keratin
13 MAbs.8

In a recent study9 we have described the preparation
of a MAb specific for keratin 7 (RCK 105) and have shown
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Table 1. Reactivity Patterns ofMonoclonal Keratin Antibodies in Malignant EpithelialHuman Tissues

Broad Keratin 7 Keratin 18

RCK OV-TL RCK OV-TL RGE RCK CK
Diagnosis 102 12/5 105 12/30 53 106 18-2

Squamous cell carcinomas
Squamous cell ca. vulva
Squamous cell ca. vulva
Keratinizing squamous cell ca. penis
Lymph node metastasis poorly diff. squamous

cell ca. penis
Moderately diff. squamous cell ca. cervix
Keratinizing squamous cell ca. tongue
Keratinizing squamous cell ca. parotis
Well diff. squamous cell ca. oesophagus
Lymph node metastasis poorly diff. squamous

cell ca.
Lymph node met. squamous cell ca.

Lung tumors
Squamous cell carcinoma lox
Adenocarcinoma 1 ox
Small cell anaplastic ca. 6x
Carcinoid lox

Adenocarcinomas of the GI tract
Moderately diff. mucinous adenoca. stomach
Moderately diff. adenoca. stomach
Moderately/poorly diff. adenoca. stomach
Poorly diff. adenoca. stomach
Poorly diff. adenoca. stomach
Poorly diff. anaplastic ca. stomach
Anaplastic ca. stomach
Metastasis of a stomach adenocarcinoma in

the ovaries
Signet ring cell ca. stomach
Mucinous adenoca. stomach
Adenoca. stomach
Anaplastic adenoca. stomach
Malignant degenerated adenovillous polypous

stomach
Adenocarcinoma jejunum
Well/moderately diff. mucinous adenoca.

colon 3x
Well diff. adenoca. colon
Moderately diff. adenoca. colon
Moderately diff. adenoca. colon 2x
Moderately diff. partly papillary adenoca.

colon
Metastasis of this tumor in the ovary
Moderately diff. multifocal adenoca. colon
Metastasis of this tumor in the ovary
Metastasis of a moderately diff. adenoca. of

the colon 2x
Poorly diff. adenoca. colon
Poorly diff. adenoca. colon
Metastasis of a mucinous colon adenoca. in

the ovary 2x
Intestinal carcinoids 2x

Carcinomas of the pancreas
Carcinoma in pancreas (autopsy material of

patient with lung metastases)
Mucinous adenocarcinoma
Adenocarcinoma
Papillary adenocarcinoma

Liver tumors
Hepatoblastoma
Hepatocellular carcinoma 5x
Hepatocellular carcinoma
Hepatocellular carcinoma 2x

Breast carcinoma

+
+

+
+
+
+
+

+
+

+
+
+
+

+
+
+
+
+
+
+

+
+
+
+
+

+
+

+
+
+
+

+
+
+
+
+

+
+
+

+

+

+
+
+

+
+
+
+

+_

+

+t

+t

-t

-t
-t

+/ t

+t

+§
_t
+§

_t +
_+

+t +
_ +

+
_* +

+ +
_ +

+
+t+
_+

+ ++

+

+

+
+
+
+

+
+
+
+

+
+
+
+
+

+_

+_*

+
+

_ +

+
_* +

+t+

+ +

+t

+ +

+l

+

+t

24x +§
80x +1

+

+& -t

+§

+
+
+
+
+
+

+

+

+

+

+
+
+
+

+
+
+

+
+
+

+

+

+

+ +

+§ +

_ *_ *



Keratin 7 in Adenocarcinoma 643
AJPMarcb 1990, Vol. 136,No.3

Table 1 (continued)
Broad Keratin 7 Keratin 18

RCK OV-TL RCK OV-TL RGE RCK CK
Diagnosis 102 12/5 105 12/30 53 106 18-2

Female genital tract carcinomas
Anaplastic carcinoma of the cervix + + t
Adenosquamous carcinoma of the cervix + + t + * + +
Metastasis of a fallopian tube adenoca. in the

cervix + + + + +
Serous cystadenocarcinoma 21 x + + + + + +1 +1
Mucinous cystadenocarcinoma 6x + + + +
Endometrioid carcinoma 8x + + +1 + +¶ +¶ +
Metastasis endometrioid ca. on the

mesocolon + + + +
Nonclassified ovarian carcinomas 4x + + + + + + +
Choriocarcinoma + + + + + + +
Liver metastasis of a chorioca. + + + t
Brenner tumor + + + + + + +

Male genital tract tumors
Anaplastic seminoma - - - - - -
Embryonal cell carcinoma + * + t
Prostate carcinoma 5x + + t * -* + +

Urinary tract carcinomas
Renal cell carcinoma (Grawitz tumor) i1X + +
Renal cell carcinoma 6x + * +§
Renal cell carcinoma 2X + + +
Renal cell carcinoma 6x + + - -*
Renal cell carcinoma 2x +
Wilm's tumor 3x + - §
Wilm's tumor 1 x + + - +
Transitional cell carcinomas 59X + +§ +# + +

4x + + +
Miscellaneous

Mesothelioma 21X +1 +§ +¶ +1
Carcinoid 2x + +
Adrenal pheochromocytoma 2X -

+/- Weakly positive.
* Some sporadic cells positive (in one or some specimens).
t Partly positive.
t Some positive cases or cases with positive areas.
§ Sometimes also tumors with negative areas or sporadically completely negative tumors were found.
I For RCK 102 40 cases were examined.
¶ Only few cases were examined with these antibodies.
# Variable staining pattern with 32 cases completely positive and 26 cases partly positive. One negative case showed squamoid differentiation.

that among normal human epithelia such a reagent can

distinguish different types of columnar and glandular epi-
thelia. Other authors have already pointed to the useful-
ness of keratin 7 MAbs in tumor diagnosis. 10-12

In the underlying study the applicability of this MAb in
the differential diagnosis of carcinomas was further exam-
ined. Because we were, however, aware of the fact that
epitope masking may be a common feature when work-
ing with monoclonal (keratin) antibodies, we prepared a

second MAb to keratin 7 (OV-TL 12/30) and used it in
parallel with RCK 105. This antibody was obtained after
immunization of mice with a human ovarian tumor cell
line13 and had been tested only on cultured cells.14'15

In this paper the antibody is characterized further by
immunoblotting and applied to normal human epithelial
tissues and to carcinomas. Next to these keratin 7 MAbs
broadly cross-reacting monoclonal keratin antibodies
(RCK 102 and OV-TL 12/5), as well as antibodies to kera-

tin 18 (RGE 53, RCK 106, CK 18-2) were used in this
study.

Materials and Methods

Tissues and Cell Cultures

Fresh normal and neoplastic human tissues (Tables 1 and
2) were obtained immediately after surgery or during au-
topsy, frozen in liquid nitrogen, and stored either in liquid
nitrogen or at -80 C.

Frozen sections (4 to 7 Mm thick) were cut on a cryo-
stat, air dried, and in most cases also fixed in methanol
(-20 C) for 5 minutes and dipped in acetone. All tissue
specimens were diagnosed using hematoxylin and eosin
(H&E)-stained paraffin sections. Ovarian carcinoma cell
lines OTN1 1, OTN14, EFO-21, EFO-27, OAW-42, OVCA
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433, and OVCAR 3 were grown as described,13-15 while
cell lines T24, RT4, HeLa, TR146 (provided by Dr. E. B.
Lane, ICRF, London), KB, WiDr, LLCMK-2, and A431
were grown in Eagle's Minimum Essential Medium
(EMEM) containing 10% newborn bovine serum.

Immuno(histo)chemical Assays

The indirect immunofluorescence technique on frozen
sections (either air dried and/or fixed in methanol with or
without an additional acetone fixation step) was per-
formed essentially as described before.16'17 Also the im-
munoperoxidase technique used on frozen sections in
this study has been published.8

Cell cultures were washed with phosphate-buffered
saline (PBS), fixed in methanol/acetone as described
above, and rehydrated with PBS before the first antibody
was added.

One- and two-dimensional SDS-polyacrylamide gel
electrophoresis and immunoblotting of Triton X-1 00-ex-
tracted cytoskeleton preparations of cell cultures and
solid tumor tissue were done as described by Ramaekers
et al9 and Broers et al.8

Antibodies

The following mouse monoclonal antibody preparations
were used in this study.

1) Antibodies OV-TL 12/5 and OV-TL 12/30 were ob-
tained from a fusion of Sp2/0-Ag14 myeloma cells
with spleen cells from mice immunized with OTN
11 ovarian carcinoma cells.13 These cells were
grown in RPMI-1640 containing 15% fetal calf se-
rum (FCS).13 Cell suspensions were cryopreserved
in medium containing 10% FCS and 10% dimethyl-
sulfoxide and stored in liquid nitrogen.
Eight-week-old male Balb/c mice were immunized
by seven subsequent intraperitoneal injections, at
2-to-3-week intervals, with 2 to 3X 106 cultured OTN
11 tumor cells.13'15 Three days after the last injec-
tion the spleen was aseptically removed and fusion
was performed by incubating 8X1 07 lymphocytes
with 4X1 07 mouse SP2/0-Ag14 myeloma cells in
the presence of 0.5 ml of a 50% (volume/volume)
polyethylene glycol 4000 solution for 1 minute at 37
C according to the technique of Kohler and
Milstein18 and modified by Kennet et al.19 Growth
conditions, cloning, and testing procedures were
essentially as described before for OV-TL 3.16

2) Antibody RCK 102, a mouse MAb, has been found
to be specific for keratins 5 and 8 (for keratin no-
menclature see Moll et al.1). A partial characteriza-

tion of this antibody, recognizing many epithelial tis-
sues and tumor types, has been described be-
fore.9

3) Antibodies RGE 53, RCK 106, and CK 18-2 have
been shown to recognize specifically epitopes on
keratin 18.69 It should be noted that in certain tis-
sues keratin 18 epitopes detected by the individual
antibodies may be masked.20

4) Antibody RCK 105 has been shown to react spe-
cifically with keratin 7 and, as a result, to react with
transitional epithelium and a subpopulation of co-
lumnar and glandular epithelia.8'9'20

Next to these, additional monoclonal keratin antibod-
ies were used in the immunoblofting studies to determine
the exact nature of the antibodies described above. They
included antibodies M20 (anti-keratin 8), 6B1 0 (anti-kera-
tin 4), AE3 (recognizing the basic keratins 1 to 8)21, LP2K
(anti-keratin 19; a gift from Dr. E. B. Lane, London), and
E3 (anti-keratin 17, see Guelstein et a122; a gift from Dr.
S. M. Troyanovsky, Moscow); and RKSE 60 (anti-keratin
10), see Broers et al,8 and Guelstein et al.20 Furthermore,
the antibody RV202, specific for vimentin,9"7 was applied
in the immunoblotting assays.

Results

Monoclonal Antibody Characterization by
Immunoblotting

Keratin antibodies RCK 106, RGE 53, and CK18-2 have
been characterized extensively as described before.69'20
For this study antibodies OV-TL 12/30, RCK 105, OV-TL
12/5, and RCK 102 were further characterized by one-
and two-dimensional immunoblotting procedures.

The characterization of RCK 105 has been described9
and was performed mainly by immunoblotting of cytoskel-
etal preparations of cell lines.

Figure 1a shows a comparative one-dimensional im-
munoblotting study of this antibody with antibody AE321
indicating that in those cell lines containing, among oth-
ers, keratin 7, only this protein band is recognized by RCK
105 (Figure 1 a, compare lanes 3 and 4, and lanes 5 and
6). Those cell lines known not to contain keratin 7 also do
not show reactivity with RCK 105 in the blots (Figure 1 a,
compare lanes 7 and 8, and lanes 9 and 10). A human
foreskin preparation, containing several of the high molec-
ular weight keratins (Figure 1 a, lane 1) is also negative for
RCK 105 (Figure 1a, lane 2). The keratin 7 nature of the
RCK 105 antigen was further confirmed by two-dimen-
sional immunoblotting (Figure lb and c). To extend the
immunochemical characterization of RCK 105 to human
malignant tissues, we used cytoskeletal preparations of
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Figure 1. Immunoblotting assays and indirect immunofluorescence micrographs (f n) ofantibodies RCK 105 (a-e), OV-TL 12/30
(f-m), OV-TL 12/5 (n-u) and RCK 102 (v-z). a: Cytoskeletalpreparationsfrom several tissues and cel lines stained with antibody
RCK 105 (lanes 2, 4, 6, 8, 10) or with antibody AE3 (lanes 1, 3, 5, 7, 9). The cytoskeletal extracts werefrom thefollowing tissues or
cell cultures: lanes 1 and 2, human foreskin keratins; lanes 3 and 4, HeLa cells; lanes 5 and 6, KB cells; lanes 7 and 8, WiDr cells;
lanes 9 and 10, LLCMK-2 cells. Note that the antibody AE3 recognizes several keratins (amongst which 7 and 8; indicated as such)
and their breakdown products. The protein band recognized by RCK 105 comigrates with the keratin 7 band and is not visible in
those preparations that have no detectable amounts of keratin 7 in the AE3 incubated blots (lanes 7-10). b: Two-dimensional
immunoblotting ofRCK 105 on KB cells. c: Two-dimensional immunoblotting ofRCK 105 on A431 cells. d: One-dimensional immu-
noblotting ofRCK 105 on cytoskeletalpreparationsfrom a lung adenocarcinoma (lane 1) and several transitional cell carcinomas
of the bladder (lanes 2-6). Note reactivity with the cytokeratin 7 band and to a much lesser extent with breakdown products. e:
Immunoblotting ofRCK 105 on a two-dimensional blot ofan adenocarcinoma ofthe lung revealed only one immunoreactiveprotein
spot migrating in theposition ofkeratin 7. The blot was reincubated with RCK 106and LP2K, staining keratins 8and 19, respectively,
which were used as markers. f: Immunofluorescence micrograph ofOV-TL 12/30 on a culturedhuman mesothelial cell. g, h: Cytoskel-
etalpreparationsfrom HeLa (lane 1), RT4 (lane 2) andA431 (lane 3) cells, as well as a keratin preparation from humanforeskin
(lane 4), showing that OV-TL 12/30 reacts only with (preparations containing) keratin 7. As a control, antibody RCK 102 was used
to reincubate the blotshown in (g) resulting in blot (h), and indicating that theprotein band recognized by OV-TL 12/30 is situated
between keratins 5 and 8 on these one-dimensional blots. i-k: Immunoblots containing cytoskeletal preparationsfrom HeLa cells
(lane 1), bovine lens (lane 2), A431 cells (lane 3) andRT4 cells (lane 4), initially incubated with OV-TL 12/30showing only keratin
7 and breakdown products (Figure 1i), and thereafter subsequently reincubated with RCK 106 (Figure lj) indicating the position
ofkeratin 18, and RV202 (Figure lk) to indicate theposition ofvimentin (v). I, m: Two-dimensional immunoblots ofa cytoskeletal
preparation ofRT4 cells incubated with OV-TL 12/30 (Figure 11) and thereafter with RCK 102 (Figure im). n: Immunofluorescence
micrograph of OV-TL 12/5 on cultured human mesothelial cells. 0: One-dimensional immunoblotting assay of OV-TL 12/5 on cy-
toskeletal extracts ofRT4 cells (lane 1), a squamous cell carcinoma of the lung (lane 2), esophageal epithelium (lane 3) and a
transitional carcinoma ofthe urinary bladder (lane 4). p-r: Two-dimensional immunoblotting study on a cytoskeletalpreparation
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from RT4 cells. Incubations on the same blot were subsequently done with OV-TL 12/5 (p; reaction with keratins 7and 19), RCK 106
(q; additional spotfor keratin 18 occurs), and RCK 105 (r; the spotfor keratin 7 becomes more intensely stained, while also some
breakdown products become visible). s, t: Two-dimensional immunoblotting study on a cytoskeletalpreparationfrom TR 146 cells.
Incubations on the same blot were subsequently done with OV-TL 12/5 (s; reaction withkeratins 5 and 14), andAE3, 6B10andM20
(t; additional reactivity with keratin 8 and several higher molecular weight basic (skin) keratins. These latter keratins, which are
recognized by antibody AE3 are most probably minor contaminants in the TR 146preparation). u: Detail ofa similar blot as in s
and t but reincubated with M20, E3, andRCK 16 recognizing keratins 8, 1 7and 18, respectively, tofurtherprove that OV-TL 12/5 does
indeed react with keratin 14 (asterisk). v, w: One-dimensional immunoblotting study with RCK 102 on cytoskeletalpreparations of
cultured human hepatoma cells (lane 1), HeLa cells (lane 2), A431 cells (lane 3), RT4 cells (lane 5), as well as a human foreskin
keratin preparation (lane 4). Note in (v) that RCK 102 reacts only with keratins 8 and5 (in lane 4) and some keratin 8 breakdown
products (lane 2). Reincubation of this blot with RCK 106 and RCK 105 (recognizing keratins 18 and 7, respectively; w) confirms
this latter statement. x: One-dimensional immunoblots ofRCK 102 on cytoskeletal extracts ofa human mesothelioma cell line (lane
1; only recognizing keratin 8) and a squamous cell carcinoma ofthe lung (lane 2) in which both keratins 5 and 8 are recognized.
y: Two-dimensional immunoblot ofa cytoskeletal preparation ofKB-cells incubated with RCK 102 (which only recognized keratin
8) and thereafter with RCK 105, which stained the additional keratin 7 band. z: Two-dimensional immunoblot ofa humanforeskin
keratin preparation, showing very clearly the reactivity ofRCK 102 with both keratins 5 and 8, but no other keratins. The asterisk
indicates the position ofkeratin 10, which was reactive with antibody RKSE 60.

,4

solid bladder transitional cell carcinomas and lung carci-
nomas. Figures 1 d and e show two examples of one- and
two-dimensional immunoblots of these preparations, indi-
cating that also in tumor tissues only keratin 7 is recog-
nized by RCK 105.

Antibody OV-TL 12/30 also was found to specifically
react with keratin 7. This antibody has been shown in a
previous study15 to stain intermediate filament structures
in cultured ovarian carcinoma cells and mesothelial cells
(Figure 1f). Figure 1g shows immunoblotting studies with
OV-TL 12/30 on gel electrophoretically separated cy-
toskeletal preparations of human cell lines, including
HeLa, RT4, and A431, as well as on a keratin preparation
of human foreskin. Also a vimentin containing bovine lens
cytoskeletal preparation was run on a similar gel (Figures
1itok).

From these experiments it is clear that OV-TL 12/30
reacts with a 54-kd protein band in the cell lines, but not
with the foreskin keratins or with vimentin. Reincubation
of immunoblots with antibody RCK 102 (specific for kera-
tins 5 and 8; Figure 1 h and data presented below) indi-
cated that the keratin polypeptide detected by OV-TL 12/
30 has a molecular weight that is slightly higher than kera-
tin 8, but less than that of keratin 5. When comparing Fig-
ures 1 to k, it is obvious that the OV-TL 12/30 antigen has
a molecular weight slightly less than that of vimentin. Two-
dimensional immunoblots further substantiated the kera-
tin 7 character of this protein (Figures 11 and m).

Antibody OV-TL 12/5 also stained a filamentous net-
work in the cultured ovarian carcinoma cells, described in
Materials and Methods, and mesothelial cells in the indi-
rect immunofluorescence assay (Figure 1 n). In immu-
noblotting studies this antibody could be shown to react
with cytoskeletal proteins of epithelial, but not of nonepi-
thelial cells and tissues, for example tissue of the eye lens.
Several protein bands recognized by OV-TL 12/5 migrate
in the positions between keratins 5 and 19 in keratin con-
taining preparations from RT4, esophagus, as well as lung
and bladder cancer (Figure 1o). Two-dimensional immu-

noblotting studies on RT4 cytoskeletal preparations
showed that OV-TL 12/5 reacts with keratins 7 and 19
(Figures 1p to r). Immunoblotting studies on TR146 cy-
toskeletal preparations (known to contain keratins 5, 6, 8,
14, 17, and 18; see Quinlan et a12) revealed that in these
cells OV-TL 12/5 reacted with keratins 5 and 14 (Figures
1 s to u). This was confirmed by reincubation of the immu-
noblots with antibodies specifically recognizing several
other basic and acidic keratins (see legends to Figures
1 q, r, t, and u). In conclusion, OV-TL 12/5 recognizes epi-
topes in keratins 5, 7, 14, and 19.

Antibody RCK 102 has been briefly described be-
fore.9 20 In many cultured epithelial cells this latter antibody
reacts with keratin filaments. Immunoblotting results on
such cell lines show that RCK 102 reacts with keratin 8
(Figure 1v and w). Using skin keratin preparations and
cytoskeletal extracts of tumors containing, among others,
keratin 5, indicated that RCK 102 also recognizes this lat-
ter keratin protein (Figures 1v to x).

No other keratins were recognized by the antibody.
Also two-dimensional immunoblotting of cell lines (Figure
ly), normal tissues (for example, human foreskin; Figure
1 z), and tumors (bladder transitional cell carcinomas and
lung carcinomas; see Broers et a18) revealed that RCK 102
recognizes only keratins 5 and 8.

Monoclonal Keratin Antibody Reactivity
Patterns in Normal Human Tissues

The results of immunohistochemical staining experiments
(using either the indirect immunofluorescence or immuno-
peroxidase technique) on normal human epithelial tissues
using most of the antibodies described above are sum-
marized in Ramaekers et a19 and in Schaafsma et al.20 In
general, nonepithelial tissues such as connective tissue,
blood vessels and blood cells, lymphoid tissue, spleen,
nerve tissue, and muscle tissue (both smooth and stri-
ated) were negative with the keratin antisera. However,
occasionally we have observed keratin staining in pat-



648 Ramaekers et al
AJPMarch 1990, Vol. 136, No. 3

ches of smooth muscle cells, especially in myometrium.
Also occasionally stromal cells in the prostate showed
keratin reactivity.

Broadly Cross-reacting Antibodies RCK 102
and OV-TL 12/5

Antibody RCK 102 stained virtually all epithelial cell
types, with the exception of the suprabasal keratinizing
cells in the epidermis and the seminiferous tubules in the
testis. This latter cell type has been described not to con-
tain keratins at all.23 The keratinizing epidermal cells were,
however, positively stained with antibody OV-TL 12/5.
This monoclonal antibody shows reactivity with most of
the epithelial cells tested, although no staining reaction
was observed in cardiac glands, acini and islet cells of the
pancreas, hepatocytes, or in the proximal tubules of the
kidney. These differences in the reaction patterns of RCK
102 and OV-TL 12/5 can be explained by the observation
described above that OV-TL 12/5 does not react with ker-
atin8.

As a result, a combination of both antibodies allows
the detection of virtually all keratin-containing epithelia.

Keratin 7 Antibodies RCK 105 and OV-TL 12/30

The antibodies specifically recognizing keratin 7 (RCK
105 and OV-TL 12/30) showed reactivity patterns in the
normal tissues, essentially as described before.8920 In
brief, both antibodies reacted in the columnar and glandu-
lar epithelium of the lung, cervix, breast, bile ducts, col-
lecting ducts in prostate, mesothelium and surface epithe-
lium of the ovary, the epithelium lining the fallopian tubes,
rete epithelium in the testis, and epididymis epithelium. In
the kidney, glomeruli and proximal tubules were negative.
An increasing number of cells became positive for the
keratin 7 antibodies when going from the distal ducts to
the collecting tubules. Also transitional epithelium in the
bladder was found to be strongly positive, although in a
heterogeneous fashion.20

In general, no reaction was found with RCK 105 in (ke-
ratinizing) squamous epithelia, myoepithelium, hepato-
cytes, or the epithelia lining the gastrointestinal tract and
prostatic acinar epithelium. OV-TL 12/30 reacted in a sim-
ilar way, with the exception that the surface epithelium of
the stomach and duodenum, as well as myoepithelial
cells, were positive with this antibody. Because cardiac
and gastric glands were not stained by OV-TL 12/30, this
antibody may be used to distinguish between surface epi-
thelium, which is positive, and glands in the stomach and
duodenum, which are negative. On the other hand, this
antibody discriminates between surface epithelium of the
colorectal part and the small intestine, which is negative,
and stomach epithelium, which is positive. With respect

to the myoepithelial cells it should, however, be stated
that positivity or negativity in these flattened cells is often
difficult to interpret.

Another striking difference in the staining patterns of
RCK 105 and OV-TL 12/30 was observed in the prostate,
in which OV-TL 12/30 stained part of the luminal and basal
cells of the acini, while RCK 105 reacted occasionally with
some luminal cells. With respect to the nonreactivity of
the keratin 7 antibodies in hepatocytes of normal liver, it
should be stated that in patients with acute and chronic
cholestasis we have observed keratin 7 expression in he-
patocytes.24

Keratin 18 Antibodies RGE 53, RCK 106,
and CK 18-2

All three keratin 18 antibodies reacted with glandular
and ductal epithelia, including those of the gastrointestinal
tract, prostate, and kidney and with hepatocytes and
mesothelium as described before.6'9 No reaction was
seen in squamous epithelia, most myoepithelial cells, and
most basal cells in the cervix, prostate, and lung.

In the transitional epithelium of the bladder only the
superficial umbrella cells reacted positively with RGE 53,
while antibodies RCK 106 and CK 18-2, in addition, also
stained the basal and intermediate cell layer of the bladder
epithelium.Y'

Monoclonal Keratin Antibody Reactivity
Patterns in Malignant Human Tissues

The results of the immunohistochemical studies on hu-
man malignant epithelial tissues are summarized in Table
1 and illustrated in Figures 2 to 4. In general, malignancies
of nonepithelial origin, such as (non-Hodgkin) lympho-
mas, fibrous histiocytomas, leiomyosarcomas, rhabdo-
myosarcomas and other soft tissue tumors, including Ew-
ings' sarcoma and epithelioid cell sarcoma, as well as
melanoma were negative with all keratin antibodies ap-
plied. Occasionally, keratin-positive cells were observed
in such nonepithelial malignancies (see, for example,
Guelstein et al122), and in the tumor stroma (Figure 21).

Broadly Cross-reacting Keratin Antibodies
(/eft panels in Figures 2 to 4)

Antibody RCK 102 gave a positive reaction in virtually
all the 365 primary and metastatic epithelial neoplasms
tested, including squamous cell carcinomas of different
degrees of differentiation, transitional cell carcinomas, ad-
enocarcinomas, hepatocellular carcinoma, (small cell) an-
aplastic carcinomas, mesotheliomas, and carcinoids. An-
tibody OV-TL 12/5, tested in a smaller series of carcino-
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Figure 2. Micrographs ofimmunoperoxidase (a-c, g-i) and immunofluorescence (d-f, j-l) assays showing the reactivity patterns of
RCK 102(a and g), OV-TL 12/5(d, andj), RCK 106(b, e, h, k), RCK 105(C, i, I), and OV-TL 12/30(f) in a squamous cell carcinoma of
the vulva (a-c), an adenocarcinoma of the stomach (d-f), an adenocarcinoma of the colon (g-i), and an intestinal carcinoid (j-l)
(magnifications X 150-300).

mas, showed a similar staining pattern. However, in some
tumors this antibody was only partly positive, or stained
less cells than RCK 102, probably due to the fact that it
does not recognize keratin 8. Negative reactions with
both reagents were obtained in anaplastic seminoma,
known not to contain keratins, and in two cases of adrenal
pheochromocytoma. Antibody OV-TL 12/5 was, further-
more, found to be negative in two cases of renal cell carci-
noma, in two cases of breast carcinoma, and in one case

of a small-cell anaplastic carcinoma of the lung in which
RCK 102 was positive.

Keratin 7 Antibodies
(right panels in Figures 2 to 4)

In general, antibody RCK 105 was positive in carcino-
mas that are derived from the normal epithelial tissues
also positive for this antibody. Similarly, carcinomas de-
rived from epithelia that were negative for RCK 105 did
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Figure 3. Micrographs ofimmunofluorescence (a-f) and immunoperoxidase (g-o) assays showing the reactivity patterns ofRCK 102
(a, g, j, m), OV-TL 12/5(d), RCK 106(b, e, k, n), RGE 53(h), OV-TL 12/30(C, f), and RCK 105 (i, ,O) in a pancreas carcinoma (a-c), a
hepatoblastoma (d-f), an invasive breast carcinoma (g-i), an ovarian carcinoma (j-1), and an endometrioid carcinoma (m-o)
(magnifications X 150-300).

J~w

Aw

*'

......

Po" W-4k".20
r 16M -m_* 0 1

YFt,r



Keratin 7 in Adenocarcinoma 651
AJPMarch 1990, Vol. 136, No. 3

>W/0n
i; ;.-;'< ttWd

)Vw:4* {

_g~~
a*^.' 0 t .

, " - W. -4- *ftlg.,"

A'.
F- .t-ii,-, # k.

s
" 1.1ka" ilb'.'.:

UoM_ 1

-e.

oZ:}~~~~~~~~~~~~~~~~~~~~
Figure 4. Micrograpbs ofimmunofluorescence assays showing the reactivity patterns ofOV-TL 12/5 (a), RCK 102 (d, h), RGE 53 (e, i),
RCK 105 (b, f, g, j), and OV-TL 12/30(c) in a prostate adenocarcinoma (a-c), a renal cell carcinoma (Grawitz tumor; d-g), and a
transitional cell carcinoma ofthe urinary bladder(h-j) (magnifications X 150-300).

not, in general, react with this reagent. For example,
primary and metastatic squamous cell carcinomas in
diverse tissues were normally negative for RCK 105.
However, exceptions to this rule were encountered in
squamous cell carcinomas of the lung in which 2 of 10
cases were completely reactive, and 3 of 10 cases
showed focal areas of RCK 105 positivity. The other
keratin 7 antibody OV-TL 12/30 showed a positive reac-
tion in even more of the pulmonary squamous cell carci-
nomas, with 3 of 10 cases completely positive and focal
reactions in 4 other cases. This unexpected staining re-
action is probably a result of the well-known heteroge-
neous composition of these tumors, as extensively de-
scribed before.8 Strikingly, also in a lymph node metas-
tasis of a squamous cell carcinoma, antibodies RCK
105 and OV-TL 12/30 showed different staining pat-
terns in that OV-TL 12/30 gave a positive reaction in
some of the tumor cells.

Adenocarcinomas of the lung were completely posi-
tive for the keratin 7 antibodies, with some small areas
negative for RCK 105. The adenocarcinomas of the gas-
trointestinal tract were, in general, negative for RCK 105
with the exception of some tumors in which sporadic posi-
tive cells were found.

Again, similar to what has been observed in the squa-
mous cell carcinomas, OV-TL 12/30 stained more of
these gastrointestinal adenocarcinomas than RCK 105.
For example, three stomach carcinomas were partly or
completely positive for OV-TL 12/30. Furthermore, two
carcinoids of the small intestine showed a positive reac-
tion in some of the tumor cells with OV-TL 12/30.

Carcinomas of the pancreas were positive for both
RCK 105 and OV-TL 12/30, with one case partly positive
for RCK 105.

In the malignant tumors of the liver three different stain-
ing patterns were observed with the keratin 7 antibodies.



652 Ramaekers et al
A/P March 1990. Vol. 136, No. 3

Five of eight hepatocellular carcinomas were negative
with RCK 105 and showed some sporadic positive cells
with OV-TL 12/30. Two out of these eight cases were pos-
itive with both antibodies, and in one case only OV-TL 12/
30 was positive, while RCK 105 showed staining in some
cells. In a case of hepatoblastoma RCK 105 was again
negative, while OV-TL 12/30 was partly positive (see also
van Eyken et a125).

Breast carcinomas of all types were generally positive
with the keratin 7 MAbs. In 9 of 80 cases, however, the
invasive tumor areas were negative for RCK 105. The 24
cases in which the reaction patterns of OV-TL 12/30 were
compared to those of RCK 105 showed one extra case
that was negative for OV-TL 12/30, while this tumor was
partly positive for RCK 105. The epithelial tumors of the
female genital tract also were positive for both MAbs, al-
beit only partly in some cases.

All tumors of the male genital tract examined by us,
particularly prostate carcinoma, were negative for RCK
105 or showed only sporadic positive cells. However, OV-
TL 12/30 again showed reactivity in more cells than RCK
105. With respect to the tumors of the urinary tract we
have observed that the greater part of renal cell carcino-
mas is negative for the keratin 7 antibodies, with 2 of 27
cases positive and a sporadic positive reaction in 6 cases
with RCK 105 and in 6 additional cases with OV-TL 12/
30. All four cases of Wilm's tumors, as well as two cases
of adrenal carcinoma were negative when examined for
keratin 7 expression.

However, transitional cell carcinomas of the urinary
tract were generally positive for keratin 7, with the excep-
tion of 6 of 59 cases that were partly or completely nega-
tive for RCK 105 (see also Schaafsma et a126).

Of the neuroendocrine tumors examined, two carci-
noids of unknown origins were found to be negative, while
also lung carcinoids were mainly unreactive for RCK 105.
However, 3 of 10 of these latter tumors showed a focal or
complete positivity with this MAb (see also Broers et a18).
Part of the small-cell anaplastic carcinomas of the lung
examined in this study were, to a relatively large extent,
positive for RCK 105 (2 of 6 cases) and OV-TL 12/30 (3
of 6 cases).

Finally, of the nine mesotheliomas examined in frozen
sections with RCK 105, seven cases were completely or
partly positive, one case was negative, and one case
showed a few scattered positive cells. When tested in
smears of fine needle aspirates obtained from patients
with pleural fluid containing mesothelioma, 9 of 12 cases
were positive and 2 cases were negative for RCK 102,
while in one case the tumor cells were partly positive.

Keratin 18 Antibodies (middle panels in Figures 2
to 4)
As reported before,6 the antibodies to cytokeratin 18

(RGE 53 and RCK 106 were tested in most cases, while

CK 18-2 was applied only occasionally) generally do
not stain squamous cell carcinomas. An exception to this
rule, however, is found in cases of pulmonary squamous
cell carcinoma, especially in which the moderately and
poorly differentiated tumors become partly positive for
RGE 53 and even more so for RCK 106 (see also Broers8).

Adenocarcinomas of all tissues and their metastases,
as well as hepatocellular carcinomas and hepatoblasto-
mas, mesotheliomas, carcinoids, and small-cell anaplas-
tic carcinomas are positive for the CK 18 antibodies, albeit
only partly in a few cases.

A significantly different staining pattern of the three CK
18 antibodies was observed in transitional cell carcino-
mas of the urinary tract. There RGE 53 showed an exten-
sive staining pattern, however, with varying intensities
and preference for the superficial cell layers in grades 1
and 2 tumors, as reported earlier.Y627 RCK 106 and CK
18-2 normally stained all the tumor cells in these cases.26

Anti-keratin 7 as an Aid in Routine
Histopathology

To demonstrate the usefulness of cytokeratin 7 antibod-
ies in the differential diagnosis of tumor cases in which it
was difficult or impossible to reach a satisfactory conclu-
sion on the basis of routine histology on the one hand,
and to show the limitation of these reagents in routine pa-
thology on the other hand, we illustrate 14 separate diag-
nostic problem cases (Table 2), which are not included in
Table 1. In 12 of these cases the keratin 7 expression
pattern allowed a conclusive diagnosis, or restricted the
number of possible diagnoses. In several instances these
immunohistochemical results were supported by clinical
data. However, in two cases (Table 2, cases 13 and 14),
one a poorly differentiated carcinoma and one an un-
differentiated carcinoma, the cytokeratin 7 staining pat-
tern did not correlate with the final diagnosis. In these
cases the combined histopathologic diagnoses of several
experienced pathologists, as well as immunocytochemi-
cal results with specific tumor markers supported the di-
agnosis of endometrial carcinoma and mixed MUllerian tu-
mor, respectively.

Discussion

Keratin immunocytochemistry has proved to be a valu-
able additional technique in the routine diagnosis of can-
cers that pose problems on morphologic examination.
Broad-spectrum (polyclonal rabbit or mouse monoclonal)
keratin antisera can be used to separate epithelial from
nonepithelial malignancies.28 Recently the development
of chain-specific keratin MAbs has allowed the immuno-
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cytochemical distinction between different types of nor-
mal epithelia and as a result also between different types
of epithelial malignancies. For example, MAbs to keratin
18 can distinguish between adenocarcinomas (which are
generally keratin 18 positive) and most squamous cell car-
cinomas (which are generally keratin 18 negative; for ex-
ceptions see Broers et al8).

Recently the use of different keratin 7 MAbs by several
authors 8, 10-12,20.24-26,29-31 has revealed that the expres-
sion of this keratin type is restricted to a subgroup within
the glandular types of normal human epithelia. As a con-
sequence MAbs to keratin 7 can apparently distinguish
between different types of adenocarcinomas. For exam-
ple, colorectal carcinomas and hepatocellular carcinomas
were found to be negative for keratin 7, while pancreatic
carcinomas and bile duct carcinomas were positive.10'1
However, van Eyken et al,30 after studying an extended
series of hepatocellular carcinomas, found that these tu-
mors can express keratin 7, albeit in a variable number of
cells. On the other hand, some carcinomas of the ovary,
as well as some ductal breast carcinomas, which were
expected to be positive, showed no or only heteroge-
neous keratin 7 expression10 32; see also van Niekerk et
al14 for a heterogeneous reaction pattern in the ovarian
carcinoma cell line OTN 14.

These inconsistencies have urged us to meticulously
test a comprehensive series of epithelial malignancies for
the presence of keratin 7. To avoid as much as possible
false-negative outcomes as a result of epitope masking
we have used two MAbs to keratin 7, which were ob-
tained from different fusions and most probably recognize
different epitopes. Next to these keratin 7 MAbs we have
used two other groups of keratin MAbs, ie, two broad-
spectrum MAbs and three keratin 18 MAbs. Generally,
the two broadly cross-reacting antibodies OV-TL 12/5
and RCK 102, can, when combined, separate most carci-
nomas, which are positive, from nonepithelial malignan-
cies, which are generally negative. Some exceptions of
keratin-positive nonepithelial tumors include, for example,
leiomyomas and leiomyosarcomas,- chondrosarcomas
and chondroblastomas.34 Also malignant nonepithelial
components in teratocarcinomas were found to be posi-
tive for RCK 102, as well as for RGE 53 (Oosterhuis et al,
to be published). To distinguish between different sub-
groups of carcinomas in problem cases in which routine
histologic techniques do not allow a precise diagnosis,
antibodies to keratins 18 and 7 have proved to be very
useful. The keratin 18 antibodies can, in general, recog-
nize adenocarcinomas, hepatocellular carcinomas and
hepatoblastoma, mesotheliomas, transitional cell carcino-
mas, and neuroendocrine tumors, but normally do not re-
act with squamous cell carcinomas. Squamous cell carci-
nomas of the lung may be an exception to this rule be-
cause an increasing number of keratin 18-positive cells

are found in these malignancies with a decreasing degree
of differentiation.8 Similarly, squamous cell carcinomas of
the oral cavity and laryngeal area may show keratin 18
positivity, in particular at their front of invasion into sur-
rounding stromal tissue (Schaafsma et al, to be pub-
lished). Similarly, keratin 7 has been found in poorly
differentiated squamous cell carcinomas of the lung.8

Both keratin 7 MAbs were tested for their reactivity on
frozen sections of normal human tissues and showed
some discrepancies in their staining patterns. Antibody
OV-TL 12/30 showed a reaction in part of the tongue
squamous epithelium, some myoepithelial cells, prostate
acini and surface epithelium of stomach and duodenum
tissues, which were negative for RCK 105. Similarly, dis-
crepancies were found in the reactivity patterns of both
MAbs in epithelial malignancies. Normally, relatively more
cases were (partly) positive for OV-TL 12/30 than for RCK
105. This is particularly striking in some cases of squa-
mous cell carcinomas and small cell carcinomas of the
lung, GI-tract adenocarcinomas, and hepatocellular carci-
nomas. These differences in the reactivity patterns of the
individual keratin 7 antibodies likely can be explained by
epitope masking. Thus although OV-TL 12/30 detects
keratin 7 expression more consistently than RCK 105, the
latter antibody allows a better immunohistochemical dis-
tinction between adenocarcinomas and squamous cell
carcinomas, on the one hand, and between different
groups of adenocarcinomas on the other hand. However,
within the group of RCK 105-negative adenocarcinomas
(for example those derived from the gastrointestinal tract
or prostate), a positive reaction for OV-TL 12/30 may pro-
vide an indication of the origin of such neoplasms in cases
of metastases or anaplastic growth. Because OV-TL 12/
30 distinguishes between surface epithelium and glandu-
lar structures in stomach and duodenum, in contrast to
RCK 105, the OV-TL 12/30 antibody might point to
whether a stomach cancer is derived from surface epithe-
lium or from glandular cells. In addition, OV-TL 12/30 (in
combination with RCK 105) refines the diagnosis of gas-
trointestinal tract cancer in showing their derivation from
colon, small intestine, or stomach duodenum. This phe-
nomenon of epitope masking can also explain the slightly
different reaction patterns of the individual keratin 18 anti-
bodies (see also Franke et a123).

In general, adenocarcinomas arising from the gastroin-
testinal tract are negative for the keratin 7 antibodies. Also
metastases of such malignancies remain unstained,
which is nicely illustrated by stomach and colon adeno-
carcinomas metastatic to the ovaries.

Similarly, prostate carcinomas, renal cell carcinomas,
epithelial liver tumors, and carcinoids of several organs
are normally negative for keratin 7. However, some tu-
mors within this group of normally keratin 7-negative neo-
plastic tissues may show keratin 7 reactivity (also with
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RCK 105), ranging from a few scattered positive cells via
positive tumor areas to homogeneously positive tumors.

In contrast, adenocarcinomas of the lung, pancreas,
breast, and female genital tract, as well as transitional cell
carcinomas and mesotheliomas are normally positive for
keratin 7. Again, exceptions to this rule are found that
showed positivity in only part of the tumor cells or which
were even completely negative. This became especially
apparent in two cases of gynecologic malignancies, illus-
trating that these latter tumor types need further examina-
tion.

Although now we routinely use the keratin antibodies
described above to help in the differential diagnosis of
(adeno)carcinoma of unknown origin, it is obvious that re-
sults obtained with these monoclonal antibodies should
be interpreted with care and that exceptions to a general
reactivity pattern should be kept in mind when applying
these reagents in diagnostic histo- and cytopathology.
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